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by A.G. Lesnik
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. I, Iwo appraches are known for approximately solving any

e A4
LI ek

problem of chemical bonds that proposss to determinc b

valences: the first approach studies the approximate solution for a whole

molecule; that is, the so-called method of moleculsr orbits. The second

approach studies the molecule at null-approximation with separate atoms.

This treatise on directional valences has reference to the

second method of aprroach which was first worked out in its fundamentals

by Fauling and his school (L. Fauling, I.A.C.S. 53, 1367, 1931; R. Hultgern,

Fhys.Rev. 40, 891, 1932) and by Kimball (G.E. Kimball, J.ch. Phy. 8, 188,

1940) .
Fauling's method congists of seeking the equivalent orthogonal

hybrid" funtions whose maximums possess significant values relative to

 Elamemsi

directional chemical bonds. Kimball's method is based on the

application of the theory of groups to the study of those symmetrical
properties, of mono-electron functions of a central atom, that take part
in the formation of the bond. Influencing the formation of both methods

was the experimental fact thuat the valence angles are but slightly

dependent upon the kind of combining atoms and, as a consequence, it was
assumed that valence directions in a molecule are determined chiefly by

. the distribution of electrons according to quantum states in a central

2 e B 0 R S0

s atom.

Study of the problem from the point of view of separate

electrons of a central atom and searches for theroptimum hybrid functions

o
N

) arc

19}

for each of the valence directions - these (study and searche
-‘joined with difficulty, which diffiéulty arises in consequence éf the

non-agreement between(a) the number of unknowns that are subject to

determinatioh, on the ene-hand, and(b) the number of conditions to which

etermine

£u

these unknowns are subjected, on the other hand., In order to
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the valence angles it is necessary to draw seme supplementary
comparisons, |

It is pessible te avoid the difficulty, if the "hybrid"
functions are subjected to stronger conditions then the condition of
oerthogenality, namely,“on the average”‘, ‘rela.t.ive te the entire |
dimension; that 1s to say, if one requires that each wave-functien

psi \}/3 be able to be simultaneously taken by just ene electron, as

required by Pauli's principle. But in such a case the preblem ef
determining directieonal valences leads teo the polyelectron preblem.

We shall take any one ef the hybrid functions, let us say,

the first:
e firs %:au%(o-{‘dﬂ%(l}#‘w+4,ﬂ¢,7(/) )

In tHe valence direction N, it sheuld reach a maximum value:

4%’-——-‘ 2§/ + R OF o F 2 th () = O @

/
where %i, is the symbolic expression for the derivative of ¢;4 th
respect to the ceordinates of the first valence electren.

We require that the state ef wave-functien psi %/ has been

occupied by just the first electron, which fact can be expressed by the

S
fellewing system of equq.tiogu

0 G S B W R T s A 8107 B B R G W e

S%’ @ = d,,sb/(z)-/—.-- +d/m¢m(2) =0
1) éjﬂd?‘/bns 4%1 (3) = .- (24)

Gy, (D = @, D+t G (9 = O

The systems of equations similar te systrﬂe,s(zﬁ (2a) x are as

many as there are valence electrens., Each ef them is a hemegeneous’
system ef /77 equations. Since not all the ceefficients &,7 are
transfermed inte Ze/0 , otherwise the first wave-functien weuld be

identically equal te =ero, ¢ﬂ«¢ == 0, then:
/
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Obvieusly the type ef cenditiens (3) will alse be /77 § all

of them can be written dewn in cempact ferm if we intreduce the
functien ‘/a, 2 .
;
| | ¢ VFORRE'MQ
= oL % _ e cene (‘I—)
. a

\ "Pl (W\\) Lll’z(m) e 'q)m ('“)

Then all 2/77 conditions can be written thus:

o ot = (minn) @

=

76;

SRS

These equations express the fact thafi /1 systems pessess

nen~trivial selutions fer coefficlents dé‘fand, consequently, the psi
\ wave~functions (eq, ) t/;z P l,ﬁj,, ebtain significant values different

frem Z¢/7 in the directien ef chemical bends. Since, mereever, these

equations sheuld be maximums (extremals), then the valence ceordinates
found frem(5) sheuld give the maximum value ef the psi wave-functien
b ,
Therefere, we have arrived at the problem of determinfg, the
directienal valences in a central atem with /7 valence-clectrens ef:

similarly eriented spins, but the arrived-at problem is distinct frem

pr‘eviaus formulatiens ef it.

Finding the selutiens ef the equations (5) is comparatively
simple, thanks to the great symmetry of the expressien (4) and thanks
to the cenvenient form of the spheri.cal functions that permit in many
cases the simple geometrical interpretation ef the preblem, Fer the
purpese of illustration we shall give some very simple examples, 1, 2,

3 belew:

¥

i

CE

® o
Cod

:

&

Declassified in Part - Sanitized Copy Approved for Release 2012/04/02 : CIA-RDP82-OOO39}§OOOﬁ00010046-0



Declassified in Part - Sanitized Copy Approved for Release 2012/04/02 : CIA-RDP82-00039R000100010046-0 [l

‘7’ , _ T

CONFIDENTIAL

: :‘,‘"‘. 1. Cembination of functiens S /U,‘ /Ui . The

2 expressien (4) is equal te:

s TB«.C‘) Fa(l) | sinB,cosd, s, sind,
b= s@ @ Py® =~ e i |
= 5(3) Pz(3) P”CBJ [ | S‘W\eg’co>‘¢3 sin 63‘51ﬂ¢3

Xy ) )
— \\ Y2 \:'\11 (t")

VX3 Ys

Ceordinates (Xu y, ), (X2, ‘72), (X;,ya) cah be censidered as projectiens
of the unit vecters:
—_— 5> —>>
Kk, L,

which lie in the plane ( X/). Expressien (6) is prepertienal te the

area of a triangle, which is expressed, as feund in analytical

S

|
’1 geometry, by the ceerdinates of the three vertices., The area of the
| triangle will be a maximum when all angles et _the v.ert.ices equal 1209,
The same vecters indicate the directiens of the three valences.

. 2. The follewing cembinatien belew holds:

R() () p@| _ | snBrest sindusind cosBy
$=|P® B@ RO|= |

PG P03 R® s 0y cosps stnbyrsing, 056y
. Xy l1| Z
fond xz' \11 Za2 (’7)
| % Ys =Zs

The requirement that the psi-functien \%‘ be a maximum
results in the requiremerﬁ: that expression (7), which i; prepertienal
‘to the velume ef a parallelepiped expressed threugh the ceerdinates ef
its apices; be a maximum value. The last requirement is met if the

—_ =

angles bdtween the vectors k, 1, m are right-angle, 90°.
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3+ The combinatien s [ ﬁ = gives:

s F(D F‘t(') B(D

BRI IR

S pe@d Py PCH

Expressien (8) is preperticnal to the volume ef a

tetrahedron (pyramid) which is expressed by the ceordinates ef its

‘apicesy The angles between valence directions are tetrahedral.

II. It is pessible ﬁo arrive immediately at a new

fermulatien for determining the directienal valences, witheut any need
te study the hybrid functiens.
Since we are determining the valence directiens in a
"melecule" with separate atems, then in such an approximatj.on the best
that we can de, in the sense of the successively develeped idea ef '
the Heitler-Lendon methed, is te require that, in these parts ef the
"torn" molecule iﬂhere interchange is pessible, Pauli's principle be
strictly adhered te. If is obvieus that the atemic functien anti-

symmetrical in the ceordinates ef the valence electrens will be the

+« best Fero solutien fer the electrons ef the central atem with similarly
eriented spins. ‘

The methed of hybrid functions uses, as mene-electron
functiens, enly the part that depends en the angular coerdinates, From
the point ef view of the propesed methed, such an appreach %
solutien of the preblem is eptienal and remains true as leng as it is
pessible to ¥ express the atemic psi-functien % (namelysd

Yo Q) L) )

possmamn [

LPC"") LPC”‘) t L‘Pmcm)
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as a preduct of twe separate functiens thus:

P, = R K(6P)

Here LP. USRI J,. are the full mene—electron functions, including

the redial dependence (that is, they are functiens ef the radius r).

We shall use the approximate functiens of Slater:

»
by =N-r"". T K(OP)
where: N is a normalizing censtant '
n- is the effective main quantum-number
is the effevtive charge of the nmucleus acting en the
given electren

r is expressed as radii of the first hydregen erbit

Since, in (10), z* possesses one and the same value fer the s
and p_ electrons, but a different value for the d electrens, then it is
always pessible te effect a divisien of the variables in the wave-
functien psi Sl'w , if either the s and p_ electrons or the d electrens
take part in the cembination., In t_he general case of the spd cembinatiens,
it is pessible teo say anything abeut the possibility of such a
divisien, Excluding frem consideration the radial functions, we can
then assume a small difference fer the sp and d states; and when we
compare the corresponding functiens of Slater, we are satisfied with the
very approximate character of the essump’r:ien. I+ seems mere consistent
not te limit the methed te pestula’oiug the identity of the radial
functiens fer electrens that enter in the bend, but in such a case the

determinatien ef the valence directions is placed in dependence upen the
physi cally-reasonabke determination of several intra-atemic distances
characteristic of the given atem in the given valence state.

Such a statement of the preblem can be justified just in that

case, if with the help of the resulting radial distance /p; We shall

CONFIDENTIAL
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even if qualitative, te reflect tangibly on the

be in a positien,
existing inter-atemic distances in the molecule. Unfortunately, it j o
is impossible te reassure ourselves very guch in this direction, | ) ’
firstly, because the mene-electrenic functiens of Slater appear as

functiens of a free atem - that is, as a null-appreximation ef the

functions of a bound atem; secendly, because the same method ef

determining inter-atomic distances is based en the empirical law eof

additivity ef co-valence radii that are not always justified actually;

and thirdly, because in actually existing molecules, as is right, the

bends de not bear a pureiy cenvalent character.

We shall determine the radial distance /i frem the condi tiens

governing the maximum probability of residence of binding electrens as a

functien of the distance in the given valence-directien; that is, we 2

must demand that the fellewing prodﬁct
%Z. fl’zf;"z,dfl.d/—m 05/}790/'-' /hégm'dé,"'dé)m'd?‘,'--d¢m (11)

be a maximum for any ;/,rz- 46;de; . Hence if follews that:

? rr o fie 2
?/-’7_[,7/2 ,;n'¢ﬂ:7 0 (Z 2 /77) (12)

. . (
If we intreduce the function H=(n Iz lm4s)” , then the system

TS R e T S R A

of equat;ions follewing:
o5 _ % _ 92 _ o (i=/l20m)
gry 96y T I
(13) -
uniqiely determines /77 valence directions and /77 radiii of a free

valence -state. Hereafter in conttast to the radii ef free
atems in a nermal -state, we shall designate them "valence-radii (="radii
of a free atem in the valence-state"),

ere
Taken into acceunt/gsrtho fact that the central atem can pessess
varisus "valence-radii® fer the varieus directions. In additien, inasmuch

as the central atem can exist in various valence-states (in varisus mele

CONFIDENTIAL
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then te each state there will cerrespond a proper cellection of
valence-radii (see Table 1). e

In connectien with this, it weuld be ef interest teo cempare .
the results of experiments en the structure of the molecules
Te Glh,PCI5 and PF,C1, with the caleulated inter-atemic distances
{calculated radius of the central atem plus the radius of the joined
atom, given in the table). Such a comparisen gives the results as
shewn in Table 2. |

Table 2

fer- Atomic Dislances
Molecule| Structure | Bond e Z‘Zﬁ;{; S CA
B eri st
| Stevensor & Shomaker B C = ?/ s 5.0
—C/ Z
- (TACS 62,267 1940) Tecly 2 ‘ Ry = 233 % s
/9. Rowanlt (C-ri 207, . Three-Srded > R, = 225| 225
620, 495 Fek g, N\ R = zso| 193
20, /“/5?) gllgy/'ﬂMl A = o/
‘ ‘ ] —| 2.25
L0 Brockway & P ‘ p_cl| Ry = 205
: - 1
Beach (TACS o, 19%.58) T Clo| Dt o g| ga= ss| 10
Table 1

Spatial Dispesitien ef the Bends

Voleace of \Confrqur- | Gormbin- Radil of Hhe atoms o The /ﬂ'/r’;/ff— f’!re

w{%e (gr/fm/ ation of " ‘ . . , i[ o
U fitom e Bonds f:’zwm"‘ e : -]

B |

Z. Z/”-'eﬂf ﬂ/b 1 /w; 2!!_ /I &
2 ”

= /Z

T 7 ' z TR J= *

/i/w/um/_‘ / = /ﬁg

sd F=2n
c/z' = ﬂ.»z/Zj
3 57“-.%:—/’//(;/7 spr | = n*? / Z sf. ) "
Planar | pA | r= 3?2/ ( 22}%24)
(Truty ar | r= ) Zg
NG anptar)) A% r= 3n*% (22§+Zf)
Raoe  |Planar | dsp r= 90/ 2+ 24)
g \Wen-symm |l = 2nt @IrEh) k=
Gt | r=n**/ZL
B Feteedn, 3p7 | r=aES
| da’s reanp=4=mn . ..
T e 45 | nAFEREOTH

%2 w »cz d
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T5 and FF,01, with the calculated inter-atomic distances

(caleulated radius of the central atom plus the radius ef the Jeined

atom, given in the table),

shewn in Table 2.

Such a comparisen gives the results as

Table 2
Author Moleaule| Structure | Bond | Firoators Prstasce
Stevensor & Sphomaker ;éV iz 3.37 " 3,04
g - — Z, 7’
éjﬂ'{j £2,267. /76‘5’) 766/‘/ CZV 7 c/ R_xy = 2,33 R, 15
M. Rowanlt (C.r. zo7, . Threc-5ided 2 .y Ky = 225 2.25
620, 1738) | TCQ’ Bipyramd —c Ry = 20| /.93
KO Brockway & 1. . | ] . i p-c/ Ry = 205 % 25"
Beach TACS b0, 19%6.9§) FFChl| Dt o, | e Lsq| 166
Table 1

Spatial Dispesitien ef the Bends

Valence of‘ (onfpgur- | Combein- | Kadii of Fhe atoms in the valomr- f/vre
/('-f/'ar?of /;,', g
r%eﬁan,{; f';m*',’ n’ - —I
‘ L sear ap '\ = 272 (2 ) “
» sp = %2 / :
/in’qw/n(' /’02 r=n* z/ ¥
sd F= 2,52 (2 + 2 )
d* | r=n"%/2}
3 5y;mrff7’rz?{ s / z = n*? / Z 5* o
Planar ,w”‘/ r= 3/“*L/ (27?-:5,-,"’124) ok
(777//7 Vs = ’7"“2 / 2; 1
: 7},4/‘;14!/?1/;) A% r= *2/ [ZZd'f'Z;) %
z’tao° Planar dsp F= ?rr”‘/ (2B +7 o) g
| — Cyraen! F F= 102
4 [Tepededon sp7 | = 0 ES
' y . d’s N R=0=rrg
; T ?ﬁ'flfkﬁ 0 fnse) J% b = Sy
%:gf:mim 5//)5/ fz= —-——n*Z/Z s A4 "‘Jﬂ*z//(z ZJ+Z )
-;; A | ntsens=rn
P/ﬂfmrffmaz s,p‘a’ = %n*‘/( B3ZL+2Z d’)
(5’ ware) A%° | r= 2r;*Z(Z,+
mn ied p Tr= n*i)z%
%%fo)f“m pd_| =0’ (322 ))

putue Gy pPd | = 22*7 (%5-/-24) g =
Br-pyamid| spH | mF /A J
7 e comosmaf.t

-My/m‘ P4

—f
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prebably

be three types ef va

ably takes place during the formation
lence schemes and stable melecular ferms

{;j‘flfam A/l/lx 6/ £ L |
3‘ Planar Troe. A ‘7/? = 5,7 1 |
L Pentagon 5///‘4/2 F = _577 32'5—/*12 ,/) ‘ l
G Oteden_d%pP . = 30*’“ 225+ Z5) |
| Triangular g’*ls F= 3n** ) (2Z[]+ +Z5) \
Prism ___77p r= W‘ 2/ (525 425
Aj{vh—‘fﬁlr'/?n: Ip”';_/f F=2n* %) (Bs+Z %)
g mw.d_@?grg;f'}; ’ sp?%/ ? = /% M
8§ Squars J/{/’? = /(JZ/—f—ZZ;)
. poti Prism s *° = 2””'/(2"*??4 )
Experimental data of the table confirms the qualitative
conclusions given by us above.
We observe, frem Table 1, that in combination p3d what
of melecules like Te Gll+ can

cerrespending te them:
1) structure H

2) disterted tetrahedren;
amid with the central atem ab its apex.

3) pyT
e.atem Te is raised enly

Calculatiens Bhew that in the last case th

slightly over the plane of the base and the angle CL - Te - c1 equals

87°, In combinatlon sp«d, what takes place in meolecules of type PCls

1) structure ef triangular bipyramid; ' A

2) structure ef a quadrangular pyramid with the central a.'bem

lecated within the pyramid en its altitude.
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Accerding to Pauling, the stability of each bend in the
molecule can be characterized by the se~called "bend strength"; that
is, the maximum value ef the binding functien inza ghven valence
directien, The methed stated here permits use te infireduce the

quentity which enables us te determine the prebability ef ferming the

structure in question; because of this property we can use the fellewing

functipn:

2
B = (ro o o o o)

where q)dmm is the value of the atemic functien of valence
ceordinates 5y eo-L 4901', B

It is ef interest te cempare the quantity @ fer variocus
structures in cembinatien p3d and sp3d. Calculatiens give fer the
molecules TeCl) and lf,.Clg=

(50:‘ Fad :) @mCz‘v
(Sor?F—’d D) @m“”r: §MM\— — |00: &Y%

These dats shew that the mest probable structure of TeClj,

se

By * Brapr = 1001 25 7T

preves te Cpy, but for molecule PCls it is a bipyramid. The results

agree with experimnce,

1., A methed is proposed that permits one to stud:); all-pessible
cembinations ef the spd functions and to compare one g several
sfable binding configuratiens fer each cembinatien.

2. The study ef complete mene-electren fumctiens, including the radial
part R(r), permits one te make qualitative cenclusiens regarding

~the pessibility ef the presence of varieus inter-atemic distances
fer various directiens in the melecules with the same joined atems
(PCi5, Te Cl;, SeCly ste), which are formed by a central atem in

50V theivalence statey d2p

5

CONFIDENTIAL

-l O

Décléssif\éd in Part - Sanitized Copy Approved for Release 2012/04/02 : CIA-RDP82-00639RO 00010046-0

d3s, spd2, p3d; sp’q end in several ethers.

|

1
P
E
o
§




] a
R000100010046-0

CONFIDENTIAL

3. The methed permits answering the questien about which structure

is the mest probable, if fer a given cembinatien of the functiens

there are several pessibilities of stable configurations,

State University of Kiev ‘ Submitted

(Depaztment of Metallophysics) 23 July 1947

CONFIDENTIAL

) o . ! L
¢ Declassiﬁed in Part - Sanitized Copy Approved for Release 2012/04/02 : CIA-RDP82-00039R000100010046-0



